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ABSTRACT

Introduction: Reducing radiation dose for CT examinations has been accompanied by an increase in image noise.
Studies have highlighted the application of a higher matrix size for improving image quality when assessing the
lungs. This study aims to evaluate the influence of a low kVp and higher matrix size on radiation dose and image
quality for abdominopelvic CT. Methods: This experiment was done on a 32 cm body phantom and scanned using a
128 slice CT scanner. The study utilised various combinations of kVp settings (140, 120, 100, 80 & 70) and matrix
sizes (1024, 768 & 512). The image obtained was analysed objectively and subjectively. For objective analysis, we
calculated SNR, and CNR. For subjective analysis, two radiologists evaluated the image in a 3-point scoring scale.
Results: The study reported an increase in SNR (0.8%) and CNR (46%) at 120 kVp when increasing the matrix size
from 512 x 512 to 768 x 768. Similarly, there was an increase of 14.5 % and 56.4 % in CNR and SNR using 1024
matrix size. The DLP was reduced by 4.5%, 50% and 70.6 % using 100, 80 and 70 kVp respectively. However,
there was no change in DLP with higher matrix sizes. Conclusion: The study reported a combination of 100 kVp and
768 matrix size resulted in an almost similar (£0.9 %) SNR and improved CNR (T46.4 %) compared to 120 kVp and
512 matrix size. Qualitative analysis also showed a similar image quality with decreased radiation dose for abdom-
inopelvic CT.
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INTRODUCTION

Computed tomography (CT) is a necessary diagnostic
equipment that constructs cross-sectional images to
identify various pathologies in different areas of the
body. In the United States, an estimate of around 62
million people undergo CT scans per year (1). There
is a dramatic increase in CT scans due to the rapid
advances in imaging technology such as faster scan
times, advanced multi-planar reconstruction techniques,
reduced artifacts, improved contrast, spatial and
temporal resolution (2-4). Compared to conventional
X-ray examinations, CT alone involves larger radiation
doses with a more significant dose obtained from thorax
and abdominopelvic CT scans (1, 5-7).

The frequency of abdominal CT examinations have

increased due the extensive use of multi-detector row CT
scanners. Despite its advantages in imaging, radiation
exposure is a cause of concern. Contrast studies of
the CT abdominopelvic scan have a greater radiation
exposure due to the multiphase abdominal protocols.
The cause of concern, although controversial, is the
risk to develop cancer induced by radiation from CT
examinations (1,8).

Todecrease radiation dose, the International Commission
on Radiological Protection proposed principles on
radiation safety which includes justification, optimisation
and developing dose limits. The dose in CT can be
measured by evaluating the dose length product (DLP).
The dose length product is used to calculate dose for a
series of scan and takes into account the scan length and
the average dose in x,y and z axis (CTDI vol).

In CT, radiation dose can be minimised by selecting
proper scan volume and adjusting scan parameters
like pitch, rotation time, slice width, slice gap. Tailored
exposure parameters like kVp, mAs and usage of dose
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modulation techniques also play an important role
in reducing dose. The automated dose modulation
has reported to reduce the dose by 20-50 % (9,10).
However, trying to decrease the dose can upturn the
noise in an image and therefore worsen the quality of
the image. In these cases, the introduction of iterative
reconstruction is very beneficial as they are capable of
producing optimal reconstructed images with limited
sets of projections, thereby making it possible to reduce
dose without degrading the quality of the image.

Image quality in CT is influenced by noise, artifacts,
contrast and spatial resolution. The noise and contrast
can be measured objectively by calculating the Signal
to noise ratio (SNR) and Contrast to noise ratio (CNR).
The SNR is a ratio of the desired signal to noise and CNR
is a measure of contrast between the area of interest to
that of background. Spatial resolution is beneficial to
distinguish smaller structures in closer proximity. Spatial
resolution in CT depends on the focal spot size, detector
size, reconstruction algorithms and image matrix.

The 512 x 512 matrix size has been the standard for
almost all CT studies (11). Bigger image matrix such as
1024 x 1024 and 2048 x 2048 that are commercially
available in ultra- high resolution computed tomography
(HRCT) are reported to improve the diagnostic quality of
image for assessing lung diseases (12). However, there
is a lack of research that focus on the effect of matrix
size on image quality in abdominopelvic CT. Therefore,
the main objective of the study is to test if an increase
in matrix size improve the image quality. Secondly to
evaluate the influence of low kilo-voltage and matrix
size on radiation dose and image quality respectively
for abdominopelvic computed tomography.

MATERIALS AND METHODS

This experiment was carried out in a 32 cm body CT
PMMA phantom to simulate a human abdomen and
pelvis and scanned using a 128 slice Philips Incisive CT
scanner. The scanner underwent routine air calibration
prior to the scan as per manufacture recommendation.
The phantom was set down supinated in the CT table
with isocentre fixed at center of the phantom. The height
of the phantom was adjusted using the coronal laser
light. The current study was performed at 5 different
kVp setting (140, 120, 100, 80 & 70) and three matrix
sizes (1024, 768 & 512) with iterative reconstruction
of iDose4, level 3. Images acquired using 120 kVp
and 512 x 512 matrix size was considered as reference
images. The various combinations of kVp and matrix
size included were 120 kVp with 768 x 768 & 1024 x
1024 matrix size, 100 kVp with 512 x 512, 768 x 768 &
1024 x 1024 matrix size, 80 kVp with 512 x 512, 768
X 768 & 1024 x 1024 matrix size & 70 kVp with 512
X 512,768 x 768 & 1024 x 1024 matrix size. All scans
were performed utilising automatic longitudinal tube
current modulation.The following CT scan parameters

were maintained for all scans: Pitch of 1, 0.5 s rotation
time, detector collimation of 64 *0.625 mm, 5 mm slice
thickness; 350 mm field-of-view ( FOV) and 105 mm
scan length. The Axial 2D CT image obtained was
analysed for radiation dose and image quality. The
quality of the image was assessed both objectively and
subjectively.

Quantitative analysis

Objective image assessment was done by determining
the signal to noise ratio (SNR) and contrast to noise
(CNR) ratio. For this purpose, a region-of-interest (ROls)
of 200 mm2 were manually positioned in 3 regions of the
phantom and background to encompass homogeneity of
measured tissues. The following equation was utilized
to assess the SNR and CNR ratios.

SNR = (CTROI ) / SDROI
CTROI- CT number of Region of interest
SDROI- standard deviation of Region of interest
(13)

CNR = (CT ROI - CT Background) / SD Background

CTROI- CT number of Region of interest (13)
CT background- CT number of background
SD Background- Standard deviation of background

Qualitative analysis

For subjective analysis of image, two radiologists with
more than ten years of experience evaluated the image
once for “overall image quality”, “Image noise” and
“streak artifacts” (12) on athree-pointrating scale with 1,2
and 3 indicating poor, almost the same and better. The
radiologists were blinded to the different combinations
of matrix size and kVp. All the combinations of matrix
size and kVp were compared to the reference 120 kVp
and 512 x 512 matrix size. The radiologists assessed a
total of 14 images independently.

Radiation dose
Dose length product for each scan was obtained from
the CT console and used to assess the radiation dose.

Statistical analysis

Data was analysed using SPSS 26. Cohen’s Kappa test
was performed to analyse inter-observer agreement.
A Kappa value less than 0.20 pointed out poorest
agreement. Values between 0.21-0.40 showed Slight
agreement. Values between 0.41-0.60 and 0.61-0.80
indicated moderate and good agreement respectively.
All values between 0.81-1 showed almost perfect
agreement (14).

RESULTS

Radiation dose
The study results showed 4.8% decrease in DLP (437.9
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mGy.cm) using 140 kVp when compared to 120 kVp
(460.06 mGy.cm). Further decreasing the kVp to 100,
80 and 70 resulted in a decrease in DLP 4.5 % , 52 %
and 70.6 % respectively (Table I).

Table 1: SNR, CNR and DLP for various combinations of kVp and
matrix size

kvp mAand  Matrix  SNR CNR DLP
mAs size (mGy.cm)

512 13.7 205.1

140 268(122) 768 131 1946 437.9
1024 10.9 153.2
512 11.17 116.1

120 409(186) 768 11.26 170.9 460.06
1024 12.8 181.6
512 12.2 155.5

100 636 (289) 768 11.01 170.1 439.28
1024 11.41 108.6
512 6.3 88.3

80 636 (289) 768 5.7 94.4 219.13
1024 5.5 116.4

636 (289) 512 3 56
70 135.23

Image Quality-Quantitative analysis

Using a kVp of 140 and 512 matrix size showed the
highest value of SNR (13.7) and CNR (205.1). The SNR
and CNR for routine abdominal and pelvis protocol
(120 kVp and 512 x 512 matrix size) were 11.17 and
116.1, respectively. Table | shows the changes in DLP
and image quality parameters (SNR and CNR) with a
shift in kVp and matrix size. As noted in table I, there
is a reduction in CNR and SNR using 70 and 80 kVp
compared to the standard 120 kVp and 512 x 512
matrix size. However, using a lower kVp of 100 and a
larger matrix size of 768 x 768 showed a better CNR and
similar SNR with decreased radiation dose. Similarly, a
combination of 140 kVp with 768 x 768 matrix size
and also showed a better CNR and SNR with decreased
radiation dose as depicted in the line graph. (Fig.1.).

Qualitative analysis

Two radiologists evaluated the images independently in
a blinded manner on a three point rating scale. Image-
analysis was done for “overall image quality”, “image
noise” and “streak artifacts”. The scores of 120 kVp with
768 x 768 matrix size were found to be better than
120 kVp and 512 x 512 matrix size for “overall image
quality” and “image noise”. Streak-artifacts was graded
2 indicating identical image quality compared to the
routine 120 kVp and 512 x 512 matrix size. Similarly, a
combination of 100 kVp with 768 x 768 matrix size was
graded two, indicating almost the same image quality
compared to 120 kVp and 512 x 512 matrix size for
all categories (fig.2.). A combination of 140 kVp with
512 x 512 matrix size also graded 2 indicating almost

SNR, CNR and DLP
N
(]

140, 140, 140, 120, 120, 120, 100, 100, 100, 80, &0, 80, 70, 70, 70,
512 768 1024 512 768 1024 512 768 1024 512 768 1024 512 768 1024

kVp and matrix size
~—8—SNR —8—CNR DLP
Figure 1: Line graph showing the variation in SNR, CNR and

dose length product (DLP) using various combinations of kVp
and matrix size

Figure 2: Phantom images obtained using various kVp and
matrix size. A- 120 kVp and 512 matriz size, B- 120 kVp and
768 matrix size, C- 100 kVp and 768 matrix size

similar quality to 120 kVp and 512 x 512 matrix size
for image noise and streak artifacts. All 70 and 80 kVp
images were graded 1, indicating poor quality compared
to the reference image. The inter-observer agreement
was good in terms of overall image quality and streak
artifacts (x = 0.72; k =0.696) and excellent in terms of
image noise (k=0.874). The inter-observer agreement
for “overall image quality”, “image noise” and “streak
artifacts” is shown in table ILIIl and IV. An 85.7%
observer agreement was present in terms of overall
image quality and streak artifacts. Similarly, an 92.85%
observer agreement was present in terms of image noise.

Table 11: Agreement for overall image quality

Count Rater 2
Worst  Almost the  Best Total
(1) same (2) (3)
Worst (1) 8 2 0 10
Rater 1
Almost the same (2) 0 3 0 3
Best (3) 0 0 1 1
Total 8 5 1 14

Table 111: Agreement for image noise

Count Rater 2
Worst  Almost the  Best Total
(1) same (2) 3)
Worst (1) 6 1 0 7
Rater 1
Almost the same (2) 0 6 0 6
Best (3) 0 0 1 1
Total 6 7 1 14

Mal J Med Health Sci 18(2): 14-19, March 2022 16



Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

Table I1I: Agreement for streak artifacts

Count Rater 2
Worst  Almost the  Best Total
(1) same (2) 3)
Worst (1) 8 0 0 8
Rater 1
Almost the same (2) 2 4 0 6
Best (3) 0 0 0 0
Total 10 4 0 14
DISCUSSION

There are many studies reported in literature related to
dose reduction techniques. However, trying to reduce
the dose results in greater image noise. The advances
in CT scanners has resulted in the production of good
quality images with low radiation doses. The various
techniques to reduce dose include dose modulation
techiques, usage of appropriate filters that reduce
noise and various iterative reconstruction techniques.
Some studies reported that using dose modulation can
reduce the dose by ~ 60 %. (15-16). Also, some studies
have reported a superior spatial resolution and a better
image quality using a larger image matrix (1024 x 1024;
2048 x 2048) compared to standard 512 x 512 matrix
size (12,17). However, this method is for assessing the
lungs. The present study aimed to evaluate the effect
of low kilo-voltage and matrix size on radiation dose
and image-quality, respectively for abdominopelvic
computed tomography. The present study result showed
that there was an increase in SNR and CNR at 120 kVp
when increasing the matrix size from 512 to 1024.
Akinori H et al. conducted a similar study showing an
improvement in diagnostic quality of image using larger
matrix size despite the increase in noise. However this
study was done to assess the lung diseases (12,17). When
using a larger matrix size for a given FOV, the sizes of the
individual pixel is less resulting in increased noise and
enhanced resolution. However, with the introduction
of advanced iterative reconstruction techniques, this
relationship between pixel size and noise is more
complex (18). The present study also demonstrated that
using a kVp of 140 and a matrix size of 512 x 512 & 768
x 768 showed higher values of SNR (22.6%,17.27%)
and CNR (76.5,67.6%) compared to the standard 120
kVp and 512 x 512 matrix size.

Similarly, a combination of a 100 kVp with a larger
matrix size of 768 x 768 reported better CNR (47%)
compared to the reference. Increasing the matrix size
to 1024 x 1024 resulted in a better SNR (2.1%). The
increase in CNR can be attributed to the decrease in
kVp as attenuation increases with decreased energy
of x-ray beam. The increase in SNR could be due to
the rise in mAs to compensate for decrease in kVp for
reducing noise or due to the advances in hybrid iterative
reconstruction techniques capable of reducing the noise
as reported in some studies (18, 19, and 20). Further
increasing the matrix size showed a slightly higher SNR

but less CNR compared to the 120 kVp and 512 x 512
matrix size.

However, the research conducted by Godoy et al.
implied that although noise is higher for low kVp images,
the subjective quality is also higher for these images
(21). In the subjective analysis, 120 kVp with 768 x 768
matrix size depicted improvement in terms of “overall
image quality”, “image noise” and scored equally in
terms of “streak artifacts”. Similarly, a combination of
100 kVp and 768 x 768 matrix size also scored similar
performance in terms of image quality, noise and streak
artifacts when compared to the standard 120 kVp and
512 x 512 matrix size.

The present study also reported a decrease in radiation
dose as kVp decreased from 120 to 100, 80 and 70.
Although the mA/mAs was constant for both 80 and
70 kVp, the decrease in dose could be as a result of
using a lower kVp. Similarly, the study also observed a
decrease in radiation dose using 140 kVp. This decrease
in radiation dose can be explained by the 10 kVp or 15
% rule that states that increasing the kVp allows for the
mAs to be halved thereby decreasing the dose (22). A
lot of studies published in literature show a high kVp
and low mAs technique help in effectively reducing the
radiation dose (23-25). This complicated association
between kVp, radiation-dose and quality of image is
seen and therefore, kVp selection should be according
to the patient size and procedure. Higher voltages can
be useful for imaging obese patients. However, in CT
examinations that use iodinated contrast media such
as contrast enhanced computed tomography (CECT)
abdomen and pelvis, there is a better enhancement of
iodine using lower kVp. Therefore according to our
study, lower kVp and larger matrix size can result in an
optimum quality image with decrease radiation dose
for CT abdominopelvic scans. However, the drawback
of using larger matrix size is that the data size is much
larger than a standard 512 x 512 matrix size (12) , but
future advances in technology can resolve this. One of
the limitation of the study is that due to the unavailability
of ACR/ catphan ® phantom, the study was conducted
on a PMMA phantom. Prospective clinical studies are
required to further evaluate the usefulness of our results.

Secondly, the iDose4 iterative reconstruction technique
was used for the study and it would be recommended to
utilize other techniques such as model based iterative
reconstruction (MIBR) or hybrid reconstruction to
evaluate the variation in results. As the main objective of
the study was to test if an increase in matrix size improve
the image quality when trying to reduce the dose, the
study utilised the automatic tube current modulation to
optimise the increase in noise due to the decreased kVp.
So further studies can be conducted using a constant
tube current as well. Moreover, the research was done
only on one machine, and the differences in manufacture
and model can affect the outcome.
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CONCLUSION

In conclusion, the study reported that a higher matrix
size resulted in better SNR and CNR for 120 kVp. A
combination of 100 kVp and 768 x 768 matrix size
resulted in an improved CNR, similar SNR and less
radiation dose for CT abdomen and pelvis compared to
the reference protocol. In the subjective analysis, 768
X 768 matrix size with 120 kVp performed better with
regards to overall image quality and noise, whereas
768 x 768 matrix size with 100 kVp showed similar
performance in all categories.
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